Quantum limits to the second law and breach of symmetry 
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Connection between an intrinsic breach of symmetry of equilibrium motion and violation of the 
second law is accentuated. An intrinsic breach only of clockwise - counter-clockwise symmetry 
of a circular equilibrium motion can be logical under equilibrium conditions, whereas a breach of 
right-left symmetry should be always an actual violation of the second law. The reader's attention is 
drawn to experimental evidence of an intrinsic breach of the clockwise - counter-clockwise symmetry 
of a circular equilibrium motion, well known as the persistent current. The persistent current is 
observed in mesoscopic normal metal, semiconductor and superconductor loops and the clockwise - 
counter-clockwise symmetry is broken because of the discrete spectrum of the permitted states of 
quantum charged particles in a closed loop. The quantum oscillations of the dc voltage observed on 
a segment of an asymmetric superconducting loop is experimental evidence of the intrinsic breach 
of the right-left symmetry and an actual violation of the second law. 
PACS: 05.30.-d; 05.40.-a; 74.45.+C 
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1. Introduction 

Arthur Eddington wrote 0] : " The second law of ther- 
modynamics holds, I think, the supreme position among 
the laws of Nature. If someone points out to you 
that your pet theory of the universe is in disagreement 
with Maxwell's equations - then so much the worse for 
Maxwell's equations. If it is found to be contradicted by 
observation, well, these experimentalists do bungle things 
sometimes. But if your theory is found to be against the 
second law of thermodynamics I can give you no hope; 
there is nothing for it but collapse in deepest humilia- 
tion." Therefore, most scientists distrust |2| the chal- 
lenges to the absolute status of the second law published 
in recent years [3-26]. The second law was, and is, a 
subject of belief rather than of knowledge. Almost all 
people are fully confident that the second law cannot be 
violated, although nobody can explain why. 

The belief in the second law is based upon, and is in- 
separably linked with, the centuries-old belief in impos- 
sibility of a perpetuum mobile. Carnot's principle, which 
we call since Clausius time "the second law of thermo- 
dynamics" (27|, was postulated in 1824 on the basis of 
this belief. It was obvious already in Carnot's time that 
in order for a perpetuum mobile to be impossible, an ir- 
reversible behavior should exist in nature. A perpetuum 
mobile would be inevitable, however, according to the law 
of energy conservation, if all physical processes could be 
reversible. Therefore, irreversibility is the main feature 
of thermodynamics, and the second law is first among all 
statements on irreversibility. 

The demand of irreversibility caused the well known 
collision between dynamics and thermodynamics. This 
collision is not overcome completely even to the present 
time. But, it is interesting that most scientists rejected 
in the 19th century the atomic-kinetic theory of the heat 
proposed by Maxwell and Boltzmann [27j because of this 
collision, whereas in the 20th century most scientists be- 



lieved that this theory had eliminated this collision. This 
belief has remained invariable since the time of Maxwell. 
The words by J.C. Maxwell written in 1878 [28]: "the 
second law is drawn from our experience of bodies con- 
sisting of an immense number of molecules" remains the 
only scientific substantiation of the second law up to the 
present time [29]. 

This probabilistic substantiation looks very convinc- 
ing: an uncompensated decrease of entropy is improbable 
since a macroscopic system moves spontaneously from a 
less probable state to a more probable state in the ma- 
jority of cases, and this majority becomes so overwhelm- 
ing when the number of atoms in the system becomes 
very large that irreversible behavior becomes a near cer- 
tainty [29]. But this obvious mathematical argument is 
not enough, because of the existence of perpetual motion, 
i.e. the motion under equilibrium conditions of atoms, 
molecules, small Brownian particles and others. It is, 
therefore, necessary to postulate absolute randomness of 
any equilibrium motion in order to save the second law. 
For example, the second law could be broken even with- 
out a ratchet and pawl in the system, as was considered 
by Feynman [30] (and earlier by Smoluchowski |27|) if 
the average velocity of molecules is not zero under equi- 
librium conditions. 

The randomness of any equilibrium motion was postu- 
lated by Maxwell and Boltzmann, and this postulate is 
used through the present time as being self-evident, with- 
out any substantiation. Physics is an empirical science. 
But, physical knowledge is based not only on empirical 
data but also on postulates which seem self-evident. It is 
important to emphasize a connection of the randomness 
postulate with symmetry, which seems self-evident, also. 
An existence of any equilibrium motion with non-zero 
average velocity means an intrinsic breach of symmetry. 
For example, circular motion breaks clockwise - counter- 
clockwise symmetry and a directed motion breaks right - 
left symmetry. An intrinsic breach of symmetry is a very 
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grave matter. Nevertheless, it is observed in full accor- 
dance with the bases of quantum physics. The purpose 
of the present paper is to draw reader's attention to this 
obvious fact, and to violation of the second law that is 
connected with it. 

2. Symmetry saves the second law 

There is a logical contradiction to the possibility of an 
actual violation of the second law under equilibrium con- 
ditions. An actual violation of the second law means 
systematic reduction of the total entropy dS/dt < 0, 
whereas the total entropy cannot change under equilib- 
rium conditions dS/dt = 0. Therefore, an actual viola- 
tion of the second law means violation of the equilibrium 
state. 

There is a connection of this contradiction with a log- 
ical possibility of an intrinsic breach of different types of 
symmetry. The energy should move from one part to an- 
other part of the system, i.e., the right - left symmetry 
should be broken with an actual violation of the second 
law, whereas only clockwise - counter-clockwise symme- 
try of circular motion can be broken under equilibrium 
conditions, since the breach of right - left symmetry of 
any motion means an irreversible transference of mass or 
energy in violation of equilibrium. 

It is well known that any element of an electric cir- 
cuit can be a power source at a finite temperature T 
because of equilibrium noise j3(| , as has been described 
theoretically by Nyquist [31] and observed by Johnson 
[32] as long ago as 1928. But this power cannot be used 
under equilibrium conditions since the power of each el- 
ement is distributed among the same frequency u) spec- 
trum: WNy q = fcsTAtj from lo = up to the quantum 
limit lo < ksT/h. There is symmetry under equilibrium 
conditions. We can not say what element is the power 
source and which element is the load. This right - left 
symmetry is broken when equilibrium conditions are bro- 
ken, i.e., the elements are under different temperatures 
T\ > T2. Then the element at T\ is the power source and 
the other one at T2 is the load. The power source and 
the load can be distinguished at T\ — T2 only if their 
frequency spectrums are different. 

The equality of the power W^ yq — ksTAuj at any fre- 
quency is a consequence of the randomness of the equi- 
librium motion and intrinsic symmetry. Any distinction 
of the frequency of equilibrium motion from other fre- 
quencies can only be at the violation of this symmetry. 
Thus, we may say that the intrinsic symmetry saves the 
second law against our experiencing perpetual motion, 
and violation of the second law can be possible only if an 
intrinsic breach of symmetry is observed. 

3. Difference between external and intrinsic 
breach of symmetry 



der random equilibrium motion. The ratchet/pawl com- 
bination |30| is best known, and the rectification of the 
Nyquist noise [33] with help of diodes is most popular. 
Feynman [3(j and others [34] have shown that the sec- 
ond law wins in this fight. The ratchet /pawl combination 
and the diode break symmetry, but this breach is exter- 
nal, i.e., it is not based on a natural law but is man-made, 
and therefore cannot put order into random equilibrium 
motion. The second law wins since the pawl undergoes 
random Brownian motion and the frequency spectrum of 
the equilibrium power of the diode does not differ from 
the other element of electric circuit. 

The postulate is that randomness of any equilibrium 
motion can be violated only by an intrinsic breach of 
symmetry, i.e., a breach based on a natural law, which 
governs, but does not undergo, the equilibrium motion. 
All material objects undergo thermal equilibrium motion. 
Therefore, the fight against the second law with help of 
a man-made breach of symmetry is a failure. 

4. Validity of the randomness postulate according 
to classical mechanics 

Equilibrium motion is not ordered, i.e., the average ve- 
locity of equilibrium motion equals zero < v >— and 
the equilibrium power is the same Wwyq — fcsTAw at 
any frequency (in the classical limit), because of symme- 
try and homogeneity of space and homogeneity of time. 
Nobody can doubt these postulates of physical knowl- 
edge. Because of space symmetry, the probability P of 
a microscopic state of a particle does not depend on the 
velocity direction P(v) = P(—v) = P{v 2 ). Therefore, 
< v >= J2 P er.st. vP(v 2 ) + (-v)P(v 2 ) = when a per- 
mitted state with opposite velocity — v exists for any per- 
mitted state with a velocity v. All states are permitted 
according to classical mechanics. Consequently, Maxwell 
and Boltzmann could substantiate the randomness pos- 
tulate which they used. 

5. Intrinsic breach of symmetry because of dis- 
creteness of permitted state spectrum 

But according to quantum mechanics, a spectrum of 
permitted states can be discrete. It is important that in 
the discrete spectrum of the momentum circulation 

<j> dip — <j)dl(mv + qA) = m <j)dlv + q& = n2^h (1) 

the state with zero velocity v = is forbidden when the 
magnetic flux <E> inside the path I of circulation (1) is not 
divisible by the value $o — 2nh/q called the flux quan- 
tum $ ^ n<f>o an d that the state with opposite velocity v 
and — v cannot be permitted simultaneously at $ ^ n$o 
and <f> ^ (n + 0.5)<f>o- The average value of the velocity 
circulation 



Most of the numerous challenges to the second law are 
connected with attempts to break symmetry and to or- 
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of a quantum particle with a charge q can be non-zero 
under equilibrium conditions at <I> ^ n$ and $ ^ (n + 
0.5)$o because of the features of quantum physics (1) and 
of the momentum of the charged particle p = mv + qA 
including not only velocity but also the vector potential 
A. 

The permitted state with lowest energy E has the 
highest probability P oc exp(—E /ksT). The permitted 
state (2) with lowest kinetic energy E^in = mv 2 /2 can 
have an opposite direction of the velocity v at different 
$/$o values: for example if this direction is clockwise at 
$/$o = 1/4 when min(v 2 ) oc min(n— <J>/$ ) 2 = (~l/4) 2 
at n — then it is counter-clockwise at $/$o = 3/4 
when min(v 2 ) oc min(n — $/<£>o) 2 = (1/4) 2 at n = 1. 
Therefore, the average velocity < v >— J2 per st v P( v2 ) 
in the equilibrium state should be a periodical func- 
tion of the magnetic flux and its direction changes with 
the scalar value &/&o without any vector factor when 
the energy difference between adjacent permitted states 
(2) is higher than the energy of thermal fluctuations 
Ekin(n + 1) ~ E km (n) = mv 2 {n + l)/2 - mv 2 (n)/2 « 
h 2 /2mr 2 > ksT. The latter can only occur at a very 
low temperature in the case of the quantization of sin- 
gle electron states in a structure with a radius r accessi- 
ble for current nano-technology, for example, h 2 /2mr 2 w 
k B 0.01 K at r = 0.5 fim. 

6. Experimental evidence of the intrinsic breach 
of clockwise - counter-clockwise symmetry 

Nevertheless, the persistent current j p — qn q < v > 
with a periodical dependence j p ($/$>o) has been ob- 
served even in a normal metal [35] and in semiconductor 
mesoscopic structures [36], first observed in 1990. But 
the first experimental evidence of the intrinsic breach of 
clockwise - counter-clockwise symmetry was obtained on 
a superconducting structure [37]. 

Superconductivity is a macroscopic quantum phe- 
nomenon, since superconducting pairs have the same 
value n of the momentum circulation (1) and the energy 
difference between adjacent permitted states (1) should 
be multiplied by the number N s — V s n s of pairs in the 
superconductor: Eki n {n + 1) — £^i„(n) w N s h 2 /2mr 2 3> 
ksT in any real case. Therefore, the first experimental 
evidence of the persistent current in a superconductor, 
the Meissner effect, was discovered as long ago as 1933. 
The Meissner effect is observed in a bulk superconduc- 
tor, wherein in the interior thereof $ = since the ve- 
locity v s = along a closed path I and n = 0, see (1), 
the wave function of the superconducting pairs does not 
have singularity inside I. The second and third experi- 
mental evidence of the persistent current, flux quantiza- 
tion and velocity quantization (2) were obtained in 1961 
[38] and 1962 [39]. The quantization of the magnetic flux 
is observed at a strong screening in thick-walled super- 
conducting cylinder or loop where v s — along a closed 
path I and therefore <I> = n$ according to (2). 

The periodic variation of the velocity (2) < 
v s (Q/$o) > is observed in thin- walled cylinder [39] or 



loop [40] with weak screening LI p < $o- The persistent 
current J p ($/$ ) = 3 3 P = s2en s < v s >oc< n > -<&/<I>o 
in loops both with and without Josephson junctions, 
where the thermodynamic average value < n > of the 
quantum number n is close to an integer number n cor- 
responding to minimum energy, i.e., to the minimum of 
(n-$/$ ) 2 , when the magnetic flux $ = BS+LI p « BS 
inside the loop is not close to (n + 0.5)<£>o- The persistent 
current I p (&/& ) can be observed in a superconducting 
loop even with very long length of the circumference I = 
2irr and very small cross-section s since the density of the 
superconducting pairs, n s sa 10 28 m -3 for T <C T c , is very 
great: for example N s h 2 /2mr 2 = nsn s h 2 /mr w fcs60 K 
at I — 2nr — 10 m and s = 1 fim 2 . 

The intrinsic breach of clockwise - counter-clockwise 
symmetry is observed in the closed superconducting 
state, when the density of the superconducting pairs 
n s > along the whole of the loop circumference I, 
I p ^ 0, R = 0. The n s should be replaced in the rela- 
tion for energy difference E]~i n {n + 1) — E^i n (n) between 
adjacent permitted states (2) by the average value 

< n~ l >- l = (P 1 jdln- 1 )- 1 (3) 

when the density of the pairs is not homogeneous along 
the loop circumference I since the persistent current 
Ip = s .jp = s2en s v s should be constant along / in 
the stationary case. The spectrum is strongly discrete 
Ekin(n + 1) - E kin (n) — ns < nj 1 > _1 h 2 /mr w 
ks&0 K, the equilibrium velocity < v s >= h/mr)(< 
n > — $/$ ) ~ h/mr)(-l/4:) w 10~ 5 rajs and the 
persistent current with a density j p = 2en s < v s >rj 
3 10 4 A/m 2 can be observed in a loop I = 2irr = 10 m 
with a clockwise direction (for example) at $/$o = 1/4 
and counter-clockwise direction at <!>/<i>o = 3/4 when 

< nj 1 > _1 = n s w 10 28 m~ 3 . But the spectrum be- 
comes continuous and the intrinsic breach of symmetry 
is absent for even a very short segment l s , for example 
with l s w 1 /im = I 10~ 7 , is switched in the normal state 
since < n^ 1 > _1 = 0, I p = 0, R > when n s = in any 
loop segment. 

Superconducting pairs in a whole long loop are braked 
at n s = in l s down to zero during the time of cur- 
rent relaxation trl = Li/R because of pure classi- 
cal electric force mdv s /dt = 2eE = 2eW. Where 
V(t) = Ri s I(t) — Ri s I p exp(— t/rflx) is the potential dif- 
ference because of a non-zero resistance Ri s > of the 
l s segment in the normal state; Li is the inductance of 
the loop I. The opposite change from < v s >— to 

< v s >= (H/mr)(< n > — $/$ ) ^ takes place be- 
cause of the quantization (1), without any classical force 
|4l| when the ^ s segment returns to the superconducting 
state. It is a manifestation of the well known difference 
between a superconductor and a classical conductor with 
infinite conductivity. According to classical mechanics, 
the momentum circulation should remain invariable with- 
out any force, whereas according to quantum mechanics 
the momentum circulation should be equal to the quan- 
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turn value n2i:h where the integer number n can change 
without any classical force. Therefore, superconducting 
pairs accelerate against the Faraday electric force when 
a superconductor expels magnetic field at the Meissner 
effect. 

The momentum circulation (1) of pair changes between 
quantum value nlixti and q& = 2e$ corresponding v s = 
when the loop is switching between the superconducting 
states with different connectivity of the wave function, 
i.e., between n s = and n s > in l s . The change of 
the momentum circulation because of the quantization in 
time unity equals (< n > ItxYl — 2e<&)u) sw — 2irh(< n > 
— $/$o) w suj at the switching frequency u> sw <C I/t^l- 
The value F q = 2nh(< n > —$/&o)llj sw /1 was called in 
|23j quantum force. Clockwise or counter-clockwise di- 
rection of the quantum force, as well as of the persistent 
current, is determined with the scalar value $/$o with- 
out any vector factor. 

7. Challenge to the second law 

The persistent current is observed [3^, 01 an( l pre- 
dicted [42] even in the fluctuation region near T « T c and 
above T > T c superconducting transition where the resis- 
tance of superconducting loops is not zero, R n > R > 0. 
The first experimental evidence of I p ^ at R > is 
the Little-Parks oscillations of the resistance i?($/$o) 
observed as early as 1962 [3||. The Little-Parks oscilla- 
tions Hi| ^(j and the observations of Z„(<i>/<En) in normal 
metal and semiconductor mesoscopic loops [3^, |3(j are 
experimental evidence of a persistent current, i.e., the 
equilibrium undamped direct current I p ^ 0, observed at 
non-zero dissipation: RI p > at R > and I p ^ 0. Any 
undamped current can be observed at non-zero power 
dissipation only if a pow er source maintains it. There- 
fore, the observation |S|MIMII3of/p^0ati?>0 
is experimental evidence of a source of persistent power, 
i.e. of a dc power W p = RI p existing under equilibrium 
conditions. 

The persistent power W p = RI p is a fluctuations phe- 
nomenon, like the Nyquist's noise. It is most obvious in 
the case of a superconducting loop jljj where RI p ^ is 
observed only in the fluctuation region near T c . Above 
this region R > but I p = and below it I p ^ but 
R = 0. The persistent current I p ^ and the resistance 
R > are non-zero near T c since thermal fluctuations 
switch the loop between superconducting states with dif- 
ferent connectivity j2^. The persistent current does not 
go out slowly since the dissipation force is compensated 
by the quantum force, i.e., by the momentum change be- 
cause of the quantization |2a |. 

The persistent current at R > is Brownian motion 
like the Nyquist's noise current < t% yq >= ksTAu/R 
in a loop with a continuous spectrum. The maximum 
power of the persistent current W p = RI p < (kBT) 2 /h 
|23j and the total power of the Nyquist's noise are close 
to the power of thermal fluctuations Wfi = (fcsT) 2 /S. 
But there is an important difference between these two 



fluctuation phenomena. The power of the Nyquist's noise 
is "spread" Wjyyq = ksTAu; in the frequency region from 
zero to = to the quantum limit lo = ksT '/h, whereas 
the power of the persistent current is not zero at the zero 
frequency band u> = 0. 

The difference of the frequency spectrum of the equilib- 
rium persistent power from the equilibrium power of the 
Nyquist's noise is the consequence of the intrinsic breach 
of the clockwise - counter-clockwise symmetry and it can 
break the symmetry of the elements of an electric circuit 
under equilibrium conditions. Therefore, the persistent 
power provides a potential possibility for a violation of 
the second law. The Nyquist's noise is chaotic Brownian 
motion [3(j and the persistent current at R > is or- 
dered Brownian motion [23|. Therefore, the power of the 
first can not be used, whereas the power of the second 
can be used for the performance of useful work. 

Although any dc power observed under equilibrium 
conditions is a challenge to the second law, most scientists 
prefer to disregard the problem connected with numerous 
observations of a persistent current at R > 0. Some sci- 
entists state that the persistent current does not threaten 
the second law since it is an equilibrium phenomenon and 
therefore no work can be extracted from the persistent 
current. Indeed, the free energy F = E — ST has a 
minimum value in the equilibrium state, and no one can 
decrease the value below its minimum. But, the inter- 
nal energy E can be decreased without a decrease of the 
free energy if the entropy S decreases at the same time. 
Thus, this statement can be restated as: the second law 
can not be broken since it can not be broken. A philoso- 
pher noted [43 that the arguments of defenders of the 
second law are circular as often as not. 

8. Experimental evidence of the intrinsic breach 
of right-left symmetry 

Because of the belief in the second law, some authors con- 
sider the persistent current as nondissipative j3(| whereas 
1.0. Kulik, who first predicted a persistent current in a 
normal metal mesoscopic loop as early as 1970 [44|. wrote 
that this current can be observed at non-zero dissipation. 
Some scientists assume that the persistent current is not 
quite a real current and the coexistence of a finite Ohmic 
resistance and the equilibrium dc current is not paradox- 
ical when one properly takes into account the influence 
of the measuring leads [45|. But, experimental results 
EH E3> OS prove that the persistent current behaves like 
a conventional current at least in a superconductor loop. 

Any circular direct current can break only clockwise 
- counter-clockwise symmetry in a symmetric loop. For 
example, there can be only a circular electric field E = 
—dA/dt and any potential difference V can not be ob- 
served on any segment because of the symmetry when the 
conventional circular current / = —R^ 1 dQ/dt is induced 
by the Faraday voltage —d<&/dt in a conventional normal 
metal symmetric loop having a resistance Ri. But, the 
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O=0.250o 0=0.75 



FIG. 1: Experimental evidence of the intrinsic breach of the 
right-left symmetry [4S| . The potential difference V measured 
between points L and R changes sign and the electric field 
E = —W changes direction with the scalar value &/&o at 
<I> = n$o and $ = (n + 0.5)3>o- If E has left direction at 
$ = 0.25$o then at $ = 0.75$o it has right direction. 
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should be observed at / ^ on a segment l s of asymmet- 
ric loop, wherein the resistance along the segment R s /l s 
differs from that along the whole loop Ri/l. V = in a 
symmetric loop in which R 8 /l s = Ri/l according to (4) 
and the symmetry. The potential electric field E = — W 
has right or left direction. Thus, the Faraday voltage 
breaks only clockwise - counter-clockwise symmetry in a 
symmetric loop and both clockwise - counter-clockwise 
and right - left sym metr y in an asymmetric one. 

Experiments 0, ^t], 0] show that the same is ob- 
served in the case of a persistent current in a supercon- 
ductor loop with non-zero resistance. The dc potential 
difference, the value and sign of which are a periodical 
function of the magnetic field like the persistent current 
V($/4> ) oc /<£>()), was observed in segments of an 
asymmetric loop l4?l |48| , whereas this potential dif- 
ference is not observed in segments of a symmetric loop 
|47j|. This analogy between the conventional and persis- 
tent currents can be explained by a common feature of 
the quantum force, maintaining the persistent current at 
R > and the Faraday electromotive force. Both forces 
cannot be localized in any segment of the loop. The 
quantum force can not be localized in theory |23| | because 
of the uncertainty principle. The momentum circulation 
changes because of the quantization (1) when it has a 



certain quantum value, i.e., when the superconducting 
pairs are not localized in any loop segment. 

The dc voltage y($/$ ) oc I p ($/&o) is proportional 
to the persistent current, and can only be observed if 
the loop is switched between superconducting states with 
different connectivity H3, IH H3, E3 since a static 
persistent current can only exist in the closed super- 
conducting state when the loop resistance is zero. The 
possibility of T^($/$o) oc I p ($/$ Q ) is obvious from a 
consideration of the switching of the l s segment between 
the normal and superconducting states |26j . see Section 
6. The average potential difference Vdc —< V(t) >=< 
Rial it) >=< Ri s I p exp(-t/T RL ) >« LiI p uj sw at a low 
frequency lo sw < 1/t rl and V dc *< Ris > I P at 
k>sw 3> ^/ t rl should be observed both on the segment l s 
switched with the frequency uj sw and the segment I — l s 
remaining in the superconducting state. According to 
the latter, a relation, like to the Joscphson one |4{j at 



V c 



dc 



< n > 



*J-la 

$o j I 



(5) 



should be between the dc voltage Vdc and the switching 
frequency ui sw , since only the electric force 2e < E >= 
2eVd c /(l — l s ) and the quantum force F q = 2nh(< n > 
— $/$>o)lj S w/1 act on pair in the segment I — l s . 

The possibility of the dc voltage on the long supercon- 
ductor segment seems strange for many scientists, nev- 
ertheless, it is corroborated by experimental results jlsj . 
The measurements 0] of the potential difference Vdc be- 
tween points L and R (see Fig.l) on a thin-walled super- 
conducting loop, like that shown at Fig. 1, as a func- 
tion of the external current I ex between L and R, have 
shown that the current-voltage curves V{I ex ) change pe- 
riodically with magnetic field at T < T c . This periodi- 
cal variation is explained by su perp osition of an external 
I ex and persistent I p currents |4g. The circular persis- 
tent current increases the total current in one loop half 
In = lexSn/ (s w + s n )+I p and decreases it in the other one 
Iw = IexS w /{s w + s n ) — I p . Here s w and s n are the sec- 
tional areas of different loop halves, see Fig. 1. The loop 
half should switch in the resistive state with R n > when 
the density of the total current j n = I ex / (s )+I p /s n 
exceeds the critical value j c . But this resistive state can- 
not be stable until I ex /{s w + s n ) < j c since the persis- 
tent current I p should decrease down to zero at R n > 0. 
Therefore, the loop should switch between superconduct- 
ing states with different connectivity in the value re- 
gion of external current (s w + s n ){j c — I v /s n ) < I ex < 
(s w + s n )j c with an intrinsic frequency uj sw determined 
by the time of the relaxation to the equilibrium supercon- 
ducting state. The other loop half with the current den- 
sity jw lex /(s w + s n ) - Ip/s n < jc remains constantly 
in the superconducting state at I ex < (s w + s n )j c . A 
dc voltage exceeding 1 mV was observed on a supercon- 
ducting strip with a length 160 urn in a dynamic resistive 
state of a system of 20 loops |4g, i.e. Vdc > 50 iiV on 
each loop. This value corresponds to the switching fre- 
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quency u> sw > 60 GHz 

The asymmetry of the current-voltage curves of asym- 
metric loops with s w ^ s n is observed at $ ^ n<I>o and 
$ 7^ (n + 0.5)<I>o, since the critical values, |/ e a;|c+ = 
(s w + s n)jc ~ Ip/s n and | J ea; | c _ = (s^, + s n )j c — I p j s w , of 
the external current depends on its direction at I p =/= 0. 
The value and sign of this asymmetry are periodical func- 
tions of the magnetic flux because of the I p (Q/$o) peri- 
odical dependence. 

This dependence of the asymmetry on the scalar value 
<&/<!> and the observation of the quantum oscillation of 
the dc voltage V($/§ ) HUGHES are experimental evi- 
dence of the intrinsic breach of right - left symmetry. The 
right - left symmetry is broken in the loops both with 
conventional and the persistent circular currents when 
the external breach of symmetry (the loop asymmetry) 
is added to the breach of clockwise - counter-clockwise 
symmetry. The breach of the symmetry in the first case 
is external since right or left direction of the potential 
electric field E = — W is determined by the direction of 
the circular Faraday electric field E — —dA/dt and the 
external loop asymmetry. The dc voltage V~(<I>/<I>o) in 
the quantum oscillation phenomenon [? ] is observed in 
a constant magnetic field, without the circular Faraday 
electric field, and the direction of E = — W changes with 
the scalar value 4>/<i>o without an external vector factor: 
if E has left direction at $ = 0.25<E> then at $ = 0.75$ 
it has right direction, see Fig. 1. This intrinsic breach of 
right - left symmetry is a direct consequence of the intrin- 
sic breach of the clockwise - counter-clockwise symmetry 
observed in the persistent current phenomenon. 

9. Actual Violation of the Second Law 

In conformity with the logical consideration of Section 
2, the circular persistent current breaks the clockwise - 
counter-clockwise symmetry without violation of equilib- 
rium conditions and this equilibrium phenomenon can 
only be regarded as a potential violation of the second 
law. The intrinsic breach of the right - left symmetry 
observed in the phenomena of the dc voltage quantum 
oscillation V($>/<& ) [Hi [3113 clears the way for actual 
violation of the second law. 

According to the quantum oscillations experiment 0, 
> a segment of an asymmetric superconducting loop 
is a source of dc power Wdc = Vs(^/^o)/Rs with a finite 
internal resistance R s < R sn at a constant magnetic flux 
<3> ^ n$ and $ ^ (n + 0.5)<& . It is well known that, 
if a dc power source with a voltage V s and an internal 
resistance R s is loaded with a device having a resistance 
i?L, an amount of work or energy is extracted by the 
device at a power Wl = V^Rl/(Rl + R s ) 2 - An energy 
tWh is extracted when making the measurement since 
both the voltmeter and the loop segment have a finite 
resistance Rl and R s . The energy tWh extracted in this 
case can be of any large magnitude since the time t can 
be arbitrarily long. 

The energy can be extracted both in the non- 
equilibrium and equilibrium cases since the frequency 
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FIG. 2: According to the theory, disregarding thermal fluc- 
tuations, the persistent current and critical current diminish 
down to zero simultaneously at T = T c . Because of thermal 
fluctuations I c — 0, i.e. R > 0, and I p ^ near T c and, there- 
fore, the quantum oscillations of the dc voltage V(&/$o) can 
be observed under equilibrium conditions in the fluctuation 
region. 



spectrum of the dc power, Wdc ^ at ui — 0, differs 
strongly from the frequency spectrum of the equilibrium 
power WNyq = ksTAui of other elements of the electric 
circuit, see Section 2. An existence of a source of the 
persistent power, which can be used in a device, means 
an actual violation of the second law in all formulations: 
if the device is an electric motor, then useful work can 
be performed, contrary to Thomson's formulation (the 
Carnot's principle) and the total entropy may be sys- 
tematically reduced when the electric motor revolves a 
fly-wheel; if the device is an electric heater at a high 
temperature, then the heat energy can be transferred 
from a cold body (the dc power source) to a hot body 
(the heater) without an expenditure of additional energy, 
contrary to the Clausius formulation. 

According to the experimental results obtained in 0j 
0] quantum oscillations of the dc voltage V($/$ ) can 
be observed both under non-equilibrium and equilibrium 
conditions. Below the fluctuation region, where the loop 
resistance R = under equilibrium conditions, they can 
be induced only by non-equilibrium noise 14(1 or an ex- 
ternal ac current ^g. The measurements |4g show that 
the ac current I ac = Aj sin(27r/£) with any frequency /, 
from zero up to the quantum limit can induce the dc volt- 
age V($/$o) when the current amplitude Ai exceeds the 
critical value Aj c « (s w -\-s n )j c —I p /s n close to the super- 
conducting critical current I c — (s w + s n )j c of the loop. 
The dependence of the amplitude Ay = F($/$ ~ 0.25) 
of the quantum oscillations V($/$o) ( see Fig- 1) on the 
current amplitude Aj is not monotonous since only the 
dynamic resistive state can make a contribution to the 
dc voltage V($/$ ) °c ^ P (*/*o) HI- The amplitude 
Ay mounts a maximum value Ay m at Ai slightly higher 
Ajc and decreases further with the Aj increase [4S| . 

Both the critical amplitude Aj c of the ac current and 
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the maximum amplitude Ay m of the quantum oscilla- 
tion V($/$o) decrease with approach to the critical tem- 
perature, T — > T c , since Ai c w 7 C and Ay m oc i" pm = 
ip($/<i>o ~ 0.25). Without taking into account thermal 
fluctuations, the critical current I c oc (1 — T/T c ) 3 / 2 and 
the persistent current J pm oc (1 — T/T c ) diminish down 
to zero simultaneously at T = T c , see Fig. 2. The ther- 
mal fluctuations decrease I c and increase I p , see Fig. 2. 
Therefore, the Little-Parks oscillations of the loop resis- 
tance R(<5>/<S>q) |39ll4Cj can be observed in the fluctuation 
region [23| where I c = 0, i.e. R > 0, and I p ^ under 
equilibrium conditions. The resistance of the loop R(T) 
near the superconducting transition T w T c is higher 
than zero and lower than the resistance i?„ in the normal 
state, i.e. at T > T c , and J p / at < R(T) < R n since 
thermal fluctuations switch segments of the loop between 
superconducting and normal states. Just because of such 
switching the quantum oscillations of the dc voltage ob- 
served on a seg ment of an asymmetric superconducting 
loop pHliTllisf . Therefore, it is obvious that the dc volt- 
age V"($/$o) can be observed in the fluctuation region 
without any external power source. 

The quantum oscillations V($/$o) without any evi- 
dent power source were first observed in 1967_|46j on a 
double point Josephson contact and, later, [43 on seg- 
ments of an asymmetric aluminum loop in the supercon- 
ducting fluctuation region. The authors 0] assumed, 
and have shown, that the dc voltage V(Q/&o) they ob- 
served is induced by an external non-equilibrium noise. 
Indeed, the noise power W no i se of a real electric cir- 
cuit can exceed the Nyquist's power Wjv m in our noisy 
world. One may define a temperature of non-equilibrium 
noise with a power W no i se in a frequency band Ato by: 
Tnoise = Wnozse/^B Aoj > T. The measurements of the 
quantum oscillations of the aluminum loops, for example, 
are performed at T 1.2 K with help of a helium cryo- 
stat, whereas the measuring equipment has room tem- 
perature T w 300 K. Therefore, the noise temperature 
300 > T no i se > 1.2 of the loops exceeds the equilibrium 
temperature T w 1.2 K in some band Aui of the fre- 
quency spectrum. It is practically impossible to ensure 
equilibrium conditions in this situation. According to the 
results obtained in |48l | , a noise with any frequency from 
lo = up to the quantum limit can induce the quantum 
oscillations V(Q/§o) when its current amplitude exceeds 
the critical value A/ c . Therefore, the dc voltage V(3>/3>q) 
observed at T < T c [471 is induced by non-equilibrium 
noise. 

But, there is not a qualitative difference between equi- 
librium and non-equilibrium noise relative to the actual 
violation of the second law since the breach of the right 
- left symmetry observed in the quantum V($/<&o) phe- 
nomenon is intrinsic in contrast to what takes place, for 
example, in the case of noise rectification with help of a 
diode [33J, l34| . A diode can rectify only non-equilibrium 
noise since it cannot break the symmetry of equilibrium 
motion. In contrast to this, the intrinsic breach of clock- 
wise - counter-clockwise symmetry of equilibrium motion 



is observed in the persistent current phenomenon. Any 
noise, both equilibrium and non-equilibrium, switches 
only the asymmetric loop in the resistive state. There- 
fore, this result 01 is experimental evidence of an actual 
violation of the second law in spite of the fact that the 
dc power observed in this work can be induced by non- 
equilibrium noise. The intrinsic breach of the right - left 
symmetry observed in the quantum oscillation phenom- 
ena |H El H is experimental evidence of this actual 
violation. 

The authors 0] assumed that the dc voltage can be in- 
duced only by non-equilibrium noise because of a belief in 
the second law. But also they could not be well-informed 
about superconductin g flu ctuations since the basic works 
by Aslamazov, Larkin |50j and Maki, Thompson |5l| con- 
cerning this problem were published after 1967. Recently, 
Jorge Berger has shown |52| that both non-equilibrium 
and equilibrium noise can induce quantum oscillations in 
a superconducting loop with two asymmetric Josephson 
junctions. 

10. Violation of the Second Law is the Most Ob- 
vious Consequence of Quantum Mechanics at the 
Macroscopic Level 

It is difficult to believe in violation of the second law 
even with experimental evidence. But, it can be under- 
stood. Richard Feynman stated that he can safely say 
that today understands quantum physics. But violation 
of the second law of thermodynamics is a most ordinary 
and obvious consequence of quantum physics. It is drawn 
from our experience of a discrete spectrum of permitted 
states of some quantum systems and perpetual equilib- 
rium motion. Each physicist knows that each element 
of an electric circuit is power source because of thermal 
fluctuations and this power can be used under equilib- 
rium conditions when the intrinsic breach of right-left 
symmetry is observed. Any physicist easily understands 
this. 

The situation becomes more difficult to understand 
when one considers not thermal fluctuations, but rather, 
quantum fluctuations. Experiments show that near the 
superconducting transition, i.e. at T w T c , the aver- 
age value of velocity squared < v 2 > of superconduct- 
ing pairs in a loop with weak screening LI p < <I>o has 
a maximum value 

USUI; 

whereas, the average ve- 
locity and the persistent curren t eq ual zero, < v s >= 0, 
I p ($/$o) oc V($/$ Q ) = 0, IHHg at $ = (n + 0.5)<J> 
although the state with v s — is forbidden. The < v 2 > 
value is maximum and < v s >= at $ = (n + 0.5)$o and 
T w T c since thermal fluctuations switch the supercon- 
ducting loop between the permitted states n— $/$o = 0.5 
and n — Q/Qq — —0.5 with the same minimum energy 
cx v 2 s oc (n - $/$ ) 2 : < v 2 s >cx 0.5 2 + (-0.5) 2 ^ and 
<v s >oc 0.5 + (-0.5) = 0. 

According to 53] , the magnetic dependence of the per- 
sistent current of the superconducting loop at low tem- 
perature r<T c can be like the one at T ps T c because 
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of quantum fluctuations. But, it is not clear how the per- 
sistent current can be non-zero j p 7^ at <I> ^ (n + 0.5)$o 
and zero $ = (n + 0.5) $0 m the case of quantum fluc- 
tuation. The velocity cannot change in time in the case 
of quantum fluctuations, since this change should induce 
the Faraday's voltage d<fr/dt = Ldlp/dt = Lsdj p /dt — 
Ls2en s dv/dt which should be accompanied by an ex- 
change of energy with the environment. 

It is assumed that quantum superposition of states can 
exist in a superconducting loop at $ = (n+0.5)$o like the 
one observed in microscopic systems. If this assumption 
is correct, a non-zero value of the persistent current corre- 
sponding to the permitted states n — Q/$o — ±0.5 should 
be observed at $ = (n + 0.5)$o and the value j p = 
cannot be observed. But, could the quantum superpo- 
sition be observed at the macroscopic level where the 
impossibility of noninvasive measurability raises doubts? 
Thi s q uestion is raised and discussed in the papers 

mil mil. 

11. Conclusions 

Most scientists are fully confident in the absolute status 
of the second law, a view held for more than one and one- 
half centuries, notwithstanding that this belief presents 
a difficulty for the scientific explanation of the world. If 
total chaos can only increase, then why is any order ob- 
served? No scientist can explain it conclusively, although 
many words are said about this. The possibility of vio- 
lation of the second law because of the intrinsic breach 
of symmetry in quantum systems removes this difficulty, 
but I am not sure that most scientists can tolerate this 
disproof of the demand that it is irreversible that total 
entropy must increase, based on the centuries-old belief. 

One of the most obvious difficulties for the belief in 
irreversible entropy increase is connected with living sys- 
tems. The total entropy increases when we use petrol 
in our cars. This process is opposite to the decrease of 
the entropy in very old living systems. Because of the 
belief in the second law, most scientists are fully confi- 
dent that this entropy decrease can only be local. But 
nobody can explain how the Carnot principle can work 
on the molecular level where the appeal to an immense 
number of molecules is not valid. A real discovery of a 



mechanism of violation of the second law in living sys- 
tems could resolve this obvious problem. One of the pos- 
sible mechanisms was found by Vladislav Capek in the 
interaction between ions and biomolecules Q . He stated 
that those breakdowns of the second law might be oc- 
curring in living systems. The result 3 as well as the 
other works 11 llS IH El by Professor Capek will be 
appreciated for its true value in the future. 

The possibility of an actual violation of the second law, 
i.e. of the Carnot principle, means that cars can move 
without any fuel. The persistent power cannot exceed 
the total power of thermal fluctuations Wfi « (/csT) 2 /?i 
[Hill H| which is weak: W n w 10~ 12 Wt at T = 1 K 
and W f i 10" 8 Wt at T = 100 K. Therefore, it is im- 
portant that the dc power can be summed in contrast to 
the Nyquist's noise. It is well known that the Nyquist's 
power of one resistor R equal the one of N resistors 
Wnyq = ksTAoj whereas the voltage of TV dc power 
sources connected in series equals NV and the maxi- 
mum power in a load W L = N 2 V 2 R L /(R L + NR S ) 2 = 
NV 2 /4R S at R L = NR S is in N time higher for the N 
dc power sources than for single one, Wl — V 2 /4R S at 
Rl = R s . This difference is the consequence of the dif- 
ference between chaotic power and ordered power. Thus, 
persistent power can be made very large. The only lim- 
itation may be technological problems. The first results 
[48j have shown that it is easy enough to make a system 
of asymmetric superconductor loops connected in series 
in which the dc voltages are summed. From the very first 
we have obtained on a system of 20 loops the quantum os- 
cillations with amplitude approximately 20 times higher 
than that of a single loop under the same conditions |48| . 
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